Proper vernalization temperature of mother onion bulbs stimulates early flowering and produces a heavier yield of seed. Moreover, onion cultivars seem to differ in their optimal temperature requirements depending on the locality to which they are adapted. Most studies on the effects of storage temperature on inflorescence initiation in onion have shown that the optimum temperature for flowering is in a range between 5˚C to 13˚C for 90 to 120 days and bolting resistant varieties require a longer cold stimulus (154 -185 days) in comparison to normal spring sown cultivars. Flowering is greatly reduced or suppressed at temperatures in the range of 15.5˚C -30˚C and low temperatures of −3˚C to 0˚C. Studies on both bulbs and seedlings have shown that, depending on genotype, flower initiation starts only after a juvenile phase, when the plant has a minimum number of 4 -14 leaves, including leaf initials. The initiation of inflorescence is favoured by a large set or bulb size. The post planting environmental conditions greatly affect bolting percentage of bulbs stored at an inductive temperature. Maximum seed yield in onion has been reported from large mother bulbs and early planting time. The emergence of inflorescence is faster at high temperatures (20˚C -30˚C) and long days (14 -16 hours).
Vernalization
Lack of cool weather conditions to induce flowering is the main constraint of onion seed production in many tropical countries. As a result, many countries have to import onion seed from sub-tropics or temperate countries where the winter season provides the chilling requirement for flowering [6] . Flowering in many plant species is regulated by environmental cues such as night length in photoperiodic flowering and temperature in vernalization [10] . Vernalization is the artificial exposure of plants (or seeds) to low temperatures in order to stimulate flowering or to enhance seed production. Proper vernalization temperature of mother bulb stimulates early flowering and produces a heavier yield of seed [11] . The vernalization requirement of onion plants for satisfactory flower initiation varies with cultivar. Cold temperatures between 5˚C -13˚C for 20 to 120 days were optimum for flower induction in most cultivars. However, bolting resistant varieties required a longer cold stimulus (154 -185 days) in comparison to normal spring sown cultivars [6] [12]- [18] . It has been shown that relative rate of vernalization increases with increasing bulb weight [19] . As a result inflorescence primordia in larger bulbs are in a more advanced stage than those of small bulbs at the time of planting, resulting in earlier inflorescence emergence (early bolting) and floret opening. Studies were made to explore the possibility of producing onion seed using artificial vernalization and vernalization under natural conditions at high altitude in Kenya [20] . Bulbs were stored for 8 weeks in a cold room (5˚C or 10˚C), in a well-ventilated storage room at high altitude (2530 m.a.s.l, average temperature 13.4˚C) or at room temperature at a lower altitude (1820 m.a.s.l, average temperature 21.9˚C). Bulbs stored at 10˚C had the highest seed yield, followed by bulbs stored at 13.4˚C, 5˚C and 21.9˚C, for all cultivars except "Bombay Red" which produced higher seed yields at 21.9˚C than at 5˚C. The results showed that commercial seed yields could be achieved by vernalizing bulbs at high altitude locations and thereafter planting for production at low altitudes in the tropics. Floral buds were formed in the plants exposed to 9˚C for 20 to 30 days and, when exposed to a temperature lower or higher than 9˚C, more days of exposure were required for flower bud formation [12] and at temperatures lower than 9˚C, plants failed to form flower buds even after 70 days exposure. After 15 days of cold treatment at 7˚C to 8˚C, none of the onions flowered and most cultivars responded to a cold treatment duration of 90 days [21] . Moreover, cold treatment for 45 -60 days at 7˚C -11˚C induced flowering in some cultivars. In an extensive literature review, it was concluded that 3 months at 10˚C was sufficient to fully induce flowering in almost any cultivar [6] . High temperatures following floral initiation can promote reversion from a floral to a vegetative condition, i.e., devernalization [22] - [25] which appears later as abnormal seed stalks with fewer seed-bearing florets per umbel, resulting in smaller seed yield. Inflorescences in most of the cultivars initiated at 11˚C -13˚C after 154 to 184 days, except in cv. "Rijnsburger Balstora", where initiation took place at 11˚C to 18.9˚C after 162 to 185 days [18] . Time of flowering may be influenced by the temperature used for cold storage, and also by date of planting [3] [9] [11] [26]- [31] . Storage temperatures between 0˚C -12˚C and early planting lead to earlier flowering [11] [31] . Percent flowering plant was significantly increased with the durational increase in cold treatment at 5˚C [32] . Earlier and higher flowering have also been reported for vernalized bulb planting [33] - [35] . Maximum seeds per umbel and highest seed yield were produced by the plants when bulbs were vernalized at 5˚C [32] . Vernalization of onion bulbs at 5˚C for 35 and 45 days contributed to an increase of seed yield [36] and the longer the treatment period, the higher the percentage of umbels which contributed to higher seed yield. their genetical background [18] [19] [37] and to differences in their physiological age (seedling or bulb size) [9] [38] [39] at the time of induction. Onions are induced to flower by low temperatures provided they have passed the end of the juvenile phase [4] [22] [40]- [44] . Studies on both bulbs and seedlings have shown that, depending on genotype, flower initiation starts only after a juvenile phase, when the plant has a minimum number of 4 -14 leaves, including leaf initials [4] [11] [22] [41]- [46] . Since leaf initiation rate is constant in a given environment for onion cultivars, the leaf number rather than chronological time is the best indicator of the plant's physiological age [4] .
Criteria such as "sheath diameter" [42] [44] and "critical dry weight" of growing seedling, at which the plants are capable of flower initiation [19] [47] , size of the bulb [38] [48] [49] and bulb weight [13] are also commonly used as measures of the end of the juvenile period. A minimum sheath diameter of between 3.3 and 6 mm is required before flower initiation can take place [42] and the larger the sheath diameter the shorter the period of low temperature (9˚C) exposure required for flower bud formation. In "Senshuki" (autumn sown variety), the critical sheath diameter seemed to be 6 mm, while in "Sapporoki" (spring sown variety), the critical diameter was about 3 mm [42] . However, a minimum sheath diameter was observed between 13 and 13.8 mm for cvs. "Stuttgarter" and "Sturon", respectively, at floral initiation [44] .
Environmental Factors

Temperature
Temperature is the most significant environmental factor controlling differentiation of the vegetative apex into the reproductive one [45] [50] . A large number of investigations have dealt with the effect of storage temperatures on sets and bulbs, and the subsequent blooming response [22] [64] . The temperature at which onion bulbs are stored influences the time required for the plants to flower. Storage temperature from 7˚C to 12˚C has been shown [40] [52] to induce earlier flowering than lower or higher temperature. The most effective temperature for promoting the initiation of inflorescence primordia was 9˚C -13˚C [23] . At a storage temperature of 3˚C -5˚C, inflorescence initiation took place 1.5 -2 months later than at 9˚C -13˚C whereas, at the temperatures of −1˚C, 21˚C and 31˚C, no inflorescence initiation took place [23] . Temperatures of 20˚C -30˚C accelerated growth of emerged inflorescences compared with plants kept at 15˚C -20˚C [29] . Transfer of plants to 20˚C -30˚C after inflorescence emergence accelerated seed ripening by 4 -5 weeks compared with plants kept at 15˚C to 20˚C [29] . In over wintering plants in a glasshouse at 5˚C to 10˚C rather than outside lead to earlier flowering and seed ripening and larger seed yields [29] . The opening of florets occurred 11 days earlier at 22˚C as compared to 16˚C [30] . In other studies, it is reported that temperatures in the range of 10˚C to 20˚C favour the emergence of inflorescence following its initiation [22] [23] [29] [38] [50] . Inflorescence emergence was faster at 20˚C than at 15˚C [15] . High temperatures of 25˚C -26˚C [22] and 30˚C [53] [54] were found to suppress the emergence of inflorescences already initiated. At high temperatures of 21˚C -26.6˚C almost no flower stalks emerged [22] [38] [50] . Emergence of seed stalk took place at 10˚C -16˚C, but not at 21˚C -27˚C in the glasshouse [57] . Hot temperatures (20˚C -29˚C) after planting of sets with well-developed inflorescence initials had a suppressing effect upon the emergence of the inflorescence [23] . High temperature (28˚C -30˚C) during storage inhibits inflorescence initiation and prevents floral initiation [4] . Cultivars from the northern USSR had a temperature optimum of 3˚C to 4˚C, whereas for those from the south it was 9˚C to 10˚C [65] . Thus cultivars seem to differ somewhat in their optimal temperature requirements depending on the locality to which they are adapted.
Temperature and Photoperiod
Photoperiod had no effect on the initiation of inflorescences [24] [50] [55] . Although long photoperiods did not have any effect on the percentage of sets producing inflorescences, it did hasten inflorescence development [38] . The rate of progress to flower initiation was more or less a linear function of photoperiod between 8 -20 hd −1 under inductive temperatures [19] . Other reports showed that extended photoperiods during vernalization promoted initiation [12] [57] . This was confirmed that, at an inductive temperature (9˚C), inflorescence initiation was accelerated by long photoperiods particularly for cv. "Rijnsburger" where the average time for initiation was 86 days in 8 hours and 38 days in 20 hours photoperiods [14] . Floral initiation was as rapid at 12˚C as at 9˚C but was slower at 6˚C and cv. "Senshyu" initiated more slowly than cv. "Rijnsburger" and was less sensitive to photoperiod [14] . Emergence of inflorescence was faster at 20˚C and long days i.e. 14 hours compared to 8 hours [15] . Similarly, extending the day length from normal day to 15 hours, at a temperature of 10˚C -16˚C, resulted in doubling of seed stalk height [57] . Once an inflorescence has been initiated, its rate of development increases with increases in temperature (10˚C -30˚C) and lengthening of the photoperiod (14 - [66] . However, high temperature (e.g., 30˚C for cv. "Rijnsburger") during the very early development of the scape can result in flower abortion because of competition of assimilates from bulbing which may be induced if the day length is appropriate for the cultivar [24] .
Plants grown under 8, 12 and 16 hours photoperiods required 50 to 60 days of low temperature (9˚C) exposure for flower bud formation while those grown under 24 hours photoperiod required only 30 to 40 days exposure for floral initiation [12] . Some cultivars cannot initiate inflorescence or do so very slowly, under photoperiods shorter than 14 -16 hours [14] . Under low temperatures, the time to floral initiation was hastened with lengthening photoperiods (8 hd −1 to 14 hd −1
) [18] . It has been shown that inflorescences in most of cvs. ("Senshyu Yellow" "Delta" "Jaune Espagnol", "Hygro", "Sito", "Australian Brown") initiated under short to intermediate day lengths (8 hd ) at temperatures from 11˚C -13˚C [18] . Inflorescence initiation in "Rijnsburger Balstora" took place under short photoperiod (8 hd ) at temperatures from 11˚C to 13˚C [18] . In another investigation, it was found that the time for development from inflorescence appearance to spathe opening was positively related to the mean temperature but also depended on mean day length × temperature [30] . It was confirmed that increasing mean temperatures (14˚C -23˚C) and also day length (11 -17 hours) decreased the percentage of flowering shoots with already well developed inflorescence initials [67] . It was further shown that rate of progress towards spathe opening, flowering and seed ripening following inflorescence initiation, hastened in warmer temperature and also longer days and appeared to be a linear function of both photoperiod and temperature [67] . It was found that under short days (10 hours) flower stalks remained short and bore few flowers (florets) and the shortening of flower stalks was related to the delaying effect of short days on the emergence of the inflorescences [23] . A few studies regarding quantitative relationships of the effects of temperature and photoperiod on inflorescence appearance and subsequent development towards flowering reported that time to inflorescence appearance, scape elongation, spathe and floret opening decreased linearly as temperature and photoperiod increased [44] . At mild temperatures (12.2˚C -17.8˚C), longer photoperiod enhanced florets per umbel, whereas at higher temperatures (23˚C -24.4˚C), the floret number declined with lengthening photoperiods [44] . Studies have shown that inflorescence development in onion has several successive phases; each with different temperature requirements [24] and that day length as well as temperature can influence inflorescence development [44] [68] . Long days at temperatures high enough to encourage rapid bulbing, suppressed inflorescence emergence and this was considered to be an indirect effect of long days due to the promotion of bulb development [48] [50] [54] . It was observed that, in plants with developed inflorescence initials kept in mild temperatures, long days (16 hours) accelerated scape elongation and caused considerable advancement in inflorescence emergence but tended to decrease the number of inflorescences emerging, resulting in a larger proportion of shoots forming bulbs rather than inflorescences [29] . Since high temperature promotes bulbing under long days [48] [69]- [70] , high temperature can indirectly suppress inflorescence emergence. Such an indirect effect is different from the direct effect of high temperature in inhibition of inflorescence appearance [22] . It seems clear that high temperature alone is sufficient to prevent inflorescence emergence, when applied under short day conditions, in which bulbing does not occur [50] . However, the effects of temperature and day length on inflorescence emergence are complex and, under many conditions, can be disguised by the effects of these factors on bulbing.
In short days (10 hours), plants with developed inflorescence primordia emerge slowly if the temperature is mild [23] [48] [50] [54] but apart from the delaying effect of short days, at least in some cultivars, the number of plants with emerging inflorescence were increased [23] . However, in contrast, [68] , in some cultivars short days (10 hours) can also reduce the number of emerged inflorescences to half compared to plants kept in long days (14 or 18 hours). It was reported that emergence of inflorescence was faster at high temperatures (20˚C -30˚C) and long days (14 -16 hours) [15] [29] . October 2014 | Volume 1 | e1049
It was confirmed that emergence of inflorescences subsequent to their initiation was more rapid in 14 hours days than 8 hours days [15] . Long days accelerate the emergence of the flower stalk by increasing the rate of scape elongation [22] [48] [68] . Both warmer temperatures and long days accelerated inflorescence emergence in over-wintered and spring sown cultivars of onion [67] . It was found that number of florets per umbel was maximised under low temperatures (12.4˚C) and long days 17 hd −1 [44] .
Bulb/Set Size and Storage Temperature
It has been found that the initiation of inflorescences is favoured by large set or bulb size [9] [50] . Vernalization for 20 or 40 days at high altitude (3100 m.a.s.l) was insufficient to induce flowering but with 60 days vernalization, 18%, 24% and 35% flowering was observed in the small, medium and large size bulbs of onion cv. "Texas Early Grano 502", respectively [34] . The stored bulbs of the cultivar "Texas Early Grano 502 PRR", at 3 localities viz. 1800, 2100 and 3100 m.a.s.l with average temperatures of 16.4˚C, 14.5˚C and 10.9˚C, respectively had 3%, 4.5% and 70% flowering, respectively [72] . Small sets (12.5 mm diameter) showed little or no bolting, and the percentage of bolting increased with increasing set-size (17.5 to 22.5 mm) following linear relationship [9] . Sets of the spring-planted cultivar "Ailsa Craig", 4 -7 g in fresh weight (FW), initiated inflorescences, but those with a lower FW could not [56] . It was further observed that sets of spring-sown cv. "Ailsa Craig" of 4 -7 g fresh weight were able to initiate inflorescences but those of a lower fresh weight could not, other than those between 2 -4 g of which a few were able to initiate flowers [56] and that 4 g fresh weight might represent an approximate lower weight limit for inflorescence initiation in stored bulbs. It was observed that the larger the bulb weight, the shorter the period of low temperature (9˚C) exposure required for flower bud formation [13] . It was further reported that in variety "Senshuki" the critical bulb weight appeared to be about 100 -150 g while in "Sapporoki" it appeared to be about 30 -50 g [13] . Onion seedlings must be larger than a certain critical size before they can initiate inflorescences and for an autumn-sown cultivar this was about 0.45 g shoot dry weight [47] . Bulb size generally plays an important role in seed production. Bulb size influences the plant growth as well as seed yield [73] . The increase in number of leaves is directly related to the number of tillers. The more the number of tillers, the more were the leaves and vice versa [74] - [75] . Maximum plant height was recorded from large mother bulbs and earlier planting [76] - [78] . A larger mother bulb having a larger food supply and water content than the smaller bulbs enables the development of vigorous plants and production of higher seed yields [73] [79]- [83] . It has been reported that large sets initiated inflorescence sooner than small sets and time to floret opening decreased with increasing set-size [9] [23] . Bulb or set size affects umbel and seed number as well [40] [84]. It is generally accepted that large bulbs produce more flower stalks and give higher seed yield [9] [31] [78] [84]- [88] . Bulbs with 6.9 cm diameter produced higher number of flower stalks compared to those with 4.8 cm diameter [36] . Several workers [9] [31] [40] [85] [89] have reported a greater seed yield in large bulbs and attributed this to a larger amount of available assimilates in large bulbs. It was observed that the big bulbs gave larger number of seed stalks than medium and small ones [75] [82] [87] [90]- [93] . Moreover, the seed yield was higher for plants grown from large bulbs in comparison with the small ones [93] [94] . The length of scape increased with the increase in bulb size [95] . Moreover, the number of umbels was higher in large bulbs than small ones [91] . Large sized bulbs produced the highest umbel diameter followed by the medium size, while the smallest umbel was observed in the plants having smaller bulbs [81] . Higher seed yield has been reported from onion plants grown from bigger bulbs [94] [96] . Larger bulbs produced maximum flowers per umbel that were lowest in small bulbs [97] . The number of effective seeds per umbel increased with the increase in bulb size [83] [98]. There was a significant increase in 1000-seed weight with the increase in bulb size [91] [99] . The best seed stalk development resulted from bulbs stored at 5˚C -10˚C and that higher temperature reduced their development [38] . The number of seed stalks/plant and seed yield increased with increase in bulb size from 5 to 7 cm [100] . In growing seedlings also, a larger plant size has been found to favour inflorescence initiation [50] and study has been made to measure the minimum seedling size for initiation [42] . Low temperature storage at 0˚C for 14 weeks reduced bolting appreciably in the case of the smaller sets [53] [56] . Several studies have shown that inflorescence primordia are initiated during storage of mother bulbs after sufficient accumulation of low temperatures between 5˚C and 15˚C [22] - [24] [31] [38] [48] [50] .
Most studies on the effects of storage temperature on inflorescence initiation in onion have shown that the optimum temperature for flowering is in a range between 5˚C to 13˚C and is greatly reduced or suppressed at tem-peratures in the range of 15.5˚C -30˚C and low temperature of −3˚C to 0˚C [13] [25] . Onion sets treated for 90 days at 5˚C produced seven times more bolters than those treated for 20 days and flowering did not occur in the sets kept for 10 days at low temperature [17] . The highest percentage of bolting was observed when onion sets were stored for the longest period of 90 days at 10˚C followed by the shortest period of 10 days at 30˚C or when stored at 10˚C for 90 days [25] . The bolting was substantially increased by lower storage temperature of 5˚C while higher temperatures (25˚C or 30˚C) suppressed/delayed bolting and subsequent floret opening [31] . Experiments, in which cold treatments at different temperature levels were compared, showed a progressive decrease in flowering with increase in temperature [12] [52] . Inflorescence initials were not observed in sets stored at −1.1˚C or at 15.5˚C to 21.1˚C but those stored at 0˚C, 4.4˚C and 10˚C initiated inflorescence primordia [38] . Bulbs grown under 10˚C to 15.5˚C or stored at 10˚C exhibited more inflorescence initials compared with those kept under lower (0.1˚C) or higher (15.5˚C to 21˚C) temperatures [57] . The inflorescence initiation was favoured by temperatures cooler than 15˚C and was prevented by both cold (about 0˚C) and warm (over 17˚C) temperatures [22] [48] [50] . Floral primordial formation was inhibited although not entirely prevented by storing the bulbs at low temperature of 0˚C and storage at −3˚C and above 17˚C resulted in a very low percentage of flowering plants [61] . Floral primordial formation was almost inhibited at 0˚C and it was optimum at 5˚C to 7˚C [51] . The effect of very low temperature (0˚C) in inhibiting inflorescence initiation has been attributed to dormancy conditions and a low rate of development within the bulb [64] . The effect of low temperature was found to be cumulative, i.e., the longer the cold storage, the greater the inhibitory effect upon the floral primordial development [31] [51] [57] . Onion sets stored at 0˚C for 6 to 8 months did not bolt as rapidly as sets at 4.4˚C and 10˚C [51] . Very low temperature (0˚C) and higher storage temperatures (25˚C and 30˚C) for 120 days reduced bolting compared with 90 days storage while, storage temperatures of 5˚C, 10˚C, 15˚C and 20˚C for 120 days increased bolting compared with that of 90 days storage [31] . It was concluded that optimal temperatures for flower initiation were in the range of 5˚C to 12˚C [4] [43] .
During storage, inflorescence development varies with temperature. Above the optimal range of 5˚C to 12˚C [23] [24] [51] [61] , the initiated reproductive organs may be harmed or even, destroyed and below the optimal range floral development can be delayed. Storage of bulbs in the range of temperatures 5˚C to 15˚C stimulated subsequent inflorescence development while higher temperatures (16˚C or above) reduced it [26] [57] . The reason for this may be that development of the inflorescence stops or is retarded by high temperature and only resumes after planting [23] . In large sets (22.5 mm) stored at 5˚C for a period of 120 days, inflorescences emerged earlier, taking 48 days and 50 days for cultivars, "Hygro" and "Delta", respectively [31] . Sets stored at 4.4˚C gave the largest percentage and the earliest development of seed stalks, followed by those kept at 10˚C and 0˚C [38] . Longer chilling treatments of sets at 5˚C gave earlier inflorescence initiation, higher percentage of bolting, earlier spathe and floret opening, higher number of florets and seed yield per umbel compared to shorter treatments [17] . Time to inflorescence emergence in cultivars "Hygro" and "Delta", decreased significantly with increasing period of cool treatment at 5˚C and floret opening occurred rapidly at low temperature (5˚C) treatment for 90 days, whilst it occurred more slowly after a short period exposure (20 days) at low temperature [17] . Inflorescence emergence occurred earlier in onion sets stored at 10˚C for 90 days and floret opening occurred considerably earlier compared to sets which remained for longer period at higher temperature (30˚C) either before or after transfer [25] . The temperatures to which onion sets are subjected in storage have a great influence on seed yield. It has been reported that a 10˚C, 20˚C or "common" storage treatment resulted in significantly more florets per umbel than 0˚C storage conditions [26] . Storage temperature is important for the development of florets within the spathe since this sometimes affects the number of florets per umbel [25] [26] [28] . For onion seed production most work has been concentrated on the use of bulbs and a little work appears to have been made to obtain a seed crop using sets [9] [17] [25] [31] . Storage of sets at 5˚C gave maximum bolting and large sets produced higher seed yield [31] . Plants from bulbs stored for four months at 30˚C developed a few seed stems and time of flowering was delayed considerably [52] . Bulbs stored between 7.5˚C and 12˚C produced plants that flowered earlier, had more seed stalks and a higher seed yield than did bulbs stored at 16˚C or lower temperature (3.5˚C) [40] [52] . Onion plants from bulbs stored at 7˚C the first half and 2˚C the last half of the storage period had the highest seed yield and the greatest number of seeds/plant and the heaviest seeds were produced from bulbs that were stored at both 2˚C and 7˚C [27] . The number of florets per umbel increased progressively as the storage period of sets kept at 5˚C increased up to 90 days and 90 days cold treatment produced the maximum percentage of seed bearing florets (70% and 60% for cultivars "Hygro" and "Delta", respectively), whilst the lowest (41% and 34%) was recorded after 20 days cold temperature treatment [17] . Moreover, there was a significant increase in the percentage of seed bearing florets per umbel where onion sets were kept at 10˚C for 90 days as compared to those treated for shorter period [17] . It has also been found that cold treated bulbs yielded significantly more seed yield than GA3 and control [101] .
Genetic Variation
Different cultivars are known to have different environmental optima, and require different lengths of time to pass through the stages in inflorescence initiation and development. The effects of temperature on floral initiation and its interaction with genotype and plant size were described in detail by several authors [11] [102] . Cultivars vary considerably in their susceptibility to bolting. Seed stalks emerged earlier in cultivars "Tarom" and "Yellow Sweet Spanish" than other landraces [100] . Cultivars adapted to warmer conditions have a smaller requirement for cold and possibly a higher optimum vernalization temperature. Certain cultivars (for example "Bawku") flowered at ambient night temperature of 15˚C -21˚C [37] . The response of European, Japanese, Turkish, Australian and Pakistani cultivars of onion to temperature and photoperiod showed that 11˚C -13˚C under photoperiod of 8, 11 or 14 hd −1 was optimal for flower induction in such cultivars [18] . Cultivar variation has been observed in response to storage temperature. The times required for inflorescence initiation were minimal and very similar, when seedlings were maintained at 9˚C or 12˚C for both an over wintered and a spring-sown cultivar, but more time was required at 6˚C [14] . Cultivars selected for resistance to bolting require a longer cold stimulus at 9˚C in comparison to normal spring sown cultivars [13] . Several varieties of onion induced inflorescences at 7˚C -11˚C for 45 to 60 days [16] . The optimum length of cold treatment at 8˚C -10˚C to obtain >75% of bulbs flowering was 90 days [103] . It was shown that four weeks of chilling at 8˚C was sufficient for floral initiation in "Gladalan Brown" and "Early Long Keeper" but the bolting-resistant cultivar, "Sakigake Yellow" required 8 weeks of chilling at 8˚C [15] . Flowering of bolting resistant cultivars may be difficult and long treatment at low temperature or large bulb/set size may be required [13] [44] . Studies relating to floral initiation in two onion cultivars "Sturon" and "Stuttgarter" placed in a growth room at 12˚C, a light flux density of 120 µmol•m −2
•s −1 and a 16-hour photoperiod showed that in cv. "Stuttgarter", it took 195 days to initiate inflorescences, whereas time for initiation in cv. "Sturon" was 201 days [44] . The temperatures in the range of 7˚C to 13˚C were optimal for flower induction in European and Japanese cultivars [19] . Moreover, onion cultivars seem to differ in their optimal temperature requirements depending on the locality to which they are adapted. Bulbs stored at different temperatures showed that inflorescences in European and American cultivars are initiated most rapidly around 9˚C to 12˚C, are slower to form at 4˚C to 5˚C and fail to form at 1˚C or 17˚C [22] [23] [41] [51] . But in tropical cultivars flowering was much better after bulb storage at 20˚C than at 10˚C [104] . A Nigerian cultivar, "Bawku" initiated flowers satisfactorily when ambient night temperatures were 15˚C to 21˚C, a temperature range reported to be an upper limit for or even an inhibitor of flower induction [37] . In some tropical cultivars, flowering was improved after bulbs were stored at 20˚C than at 10˚C [104] . It was found that cultivars from the northern USSR required 60 days at 3˚C -4˚C to vernalize whereas cultivars from the southern USSR required 40 to 50 days at 9˚C -10˚C [65] . An abundance of flowering was reported for the short day cv. "Bawku" at ambient night temperature of 15˚C to 21˚C [37] [105] . Cultivars vary in their response to storage temperatures. The maximum temperature at which only a few or no plants initiated inflorescences was found to be 17˚C for cvs. "Bedfordshire Champion", "Alisa Craig", "Ebenezer", "Stock 28" and "Brown Globe" [50] , above 17˚C [61] , 21˚C [48] and 24˚C [45] for other cultivars. It was found that storage at temperatures between 21˚C to 27˚C suppressed initiation of floral primordia for cvs. "Ebenezer" and "Sweet Spanish", [57] as did temperatures about 0˚C [51] . In controlled temperature studies, depending on cultivars, the time to inflorescence initiation has been reported in the range of 20 -90 days [12] [15] [16] . Cultivar "South Wester" was found to be more susceptible to bolting than other cultivars [106] . Significant differences were observed among the genotypes for days to 50% bolting, number of seed per umbel and seed yield per plant [107] . Cultivar "Sefid-e-Ghom" produced the highest seed yield than other landraces [100] .
Post-Planting Environmental Conditions
The time of bulb planting had a significant effect on plant height [108] . Similarly, tallest plants were reported when mother bulbs were planted earlier (25 October) [78] . The post planting environmental conditions greatly affect bolting percentage of bulbs stored at an inductive temperature. The storage of bulbs for 30 days at 9˚C and thereafter planting at two locations of Wageningen and Alkmaar in the Netherlands, gave 73% and 84% flowering plants, while for bulbs stored at temperature of 1˚C for the same period of time, the respective figures were 10% and 66% [24] . These results indicate a strong environmental effect during the second growing season which might reduce the effects of cold storage. With an early sowing of cultivar 'South Wester', the percentage of bolters increased and as sowing date was delayed, the percentage of bolters decreased [106] . Time of flowering may be influenced by the temperature used for cold storage, and by the date of planting [3] [9] [11] [26]- [29] . Planting time had a marked influence on days to flowering [78] [109] [110] . The seedlings of cultivar "White Sweet Spanish" when transplanted on 6 September in California produced 71% bolters, while the cultivar "Italian Red" produced no bolters [111] and seedlings of the cultivar "White Sweet Spanish", when transplanted two months later produced only 2.6% bolters. It was reported that in the late planting; the plants were still small when the flower-inducing temperature prevailed and the tendency to bolt was therefore, retarded [112] . Late planting of onion sets reduced the incidence of bolting presumably because the onset of bulbing suppressed flower emergence and bulbing occurred rapidly in the long day and high temperature conditions of summer [9] [45] [71] . It was found that the earliest planting date (5 December) gave the highest percentage of bolting in onion cultivars "Hygro" and "Delta", whereas all plantings thereafter showed progressively reduced bolting with the lowest at late planting of sets (5 March) [9] . It was also observed that time to inflorescence emergence in onion cultivars decreased linearly with increasing set-size and also with earlier planting date and in large sets, the inflorescences appeared rapidly from the earliest planting (5 December) compared with the last planting (5 March) [9] . It is further reported that earlier planting has a significant effect on the umbel diameter [113] . Different bulb sizes had significant effect on seed yield per plant which increased with increase in bulb size and planting time [83] . Maximum seed yield in onion has been reported from large mother bulbs and early planting time [88] [114] [115] . The highest seed yield has been reported from large mother bulbs with early planting while, the lowest seed yield from small mother bulbs with late planting [78] [116].
Conclusion
Cultivars vary considerably in their susceptibility to bolting. Cultivars adapted to warmer conditions have a smaller requirement for cold and possibly a higher optimum vernalization temperature. Cultivars selected for resistance to bolting require a longer cold stimulus at 9˚C in comparison to normal spring sown cultivars. Different bulb sizes had significant effect on seed yield per plant which increased with increase in bulb size and planting time. The post planting environmental conditions greatly affect bolting percentage of bulbs stored at an inductive temperature. The rate of progress towards spathe opening, flowering and seed ripening following inflorescence initiation, is hastened at warmer temperatures and also longer days and appears to be a linear function of both photoperiod and temperature.
